In this study, Na substituted Bi 2 Sr 2 Ca 0.9 Na 0.1 Cu 2 O superconductor samples were prepared by a polymer solution method. Three different sintering temperatures (850, 860, and 870 
indicate that with increasing sintering temperature the superconducting Bi-2212 phase amount is raised. As a result, increasing sintering temperature produces the decrease of Bi-2201 and non-superconducting phases. The calculated unit cell parameters for the Bi-2212 phase in the different samples are presented in Table- 1. As it can be easily seen in Table-1, when increasing sintering temperature, a monotonic increase of c-parameter is produced, together with a modification of a and b parameters. These variations are due to the fact that the insertion of Na substituting Ca ions in the structure produces a decrease on the global positive charge in the structure. As a consequence, a modification on the oxygen content has to be produced to maintain the electrical neutrality in the structure, increasing c-parameter and, consequently, changing the a-b ones and the cell volume.
Representative SEM micrographs and EDX spectra of all the samples are shown in Fig. 2a -c.
In the figure, it can be clearly seen that the surface morphology of all the samples is roughly the same, independently of the sintering temperature. The particles shape and orientation, which appear as elongated platelets with no preferential orientation, is representative of all the samples and is typical for solid state sintered materials. On the other hand, B sample seems to show higher alignment than the observed in the other ones. EDX analyses (see Figs 2a-c) have shown that Na ions were successfully intergraded into the crystal structure. Moreover, the different phases identified by EDS are in agreement with the XRD data discussed previously.
The doping dependence of the transition temperature, T c , of HTSC is fundamental interest for understanding the mechanism of the superconductivity. It is generally believed that one of the key parameters for controlling T c is the charge carrier concentration, p, in the CuO 2 planes. Presland et al. [39] found the empirical relation;
between T c and Sr-hole doping in La 1-x Sr x CuO 4 , where T c max is the maximum attainable T c , and p is the hole concentration per Cu atom in the CuO 2 planes. According to Eq.1, T c is maximized for hole concentrations ≈0.16 and falls to zero at ≈0.05 on the underdoped side and at ≈ 0.27 on the overdoped side. The above relation has been found to be a remarkable model to determine the T c values versus doping concentration [40] . Therefore, the relation has often been used as a convenient representation of the relation between T c and the hole concentration for all the hole doped cuprates. The calculated p values for the different materials are displayed in Table- 1. These results show that the p-values are increased when sintering temperatures are raised. However, these values are close to the obtained in the undoped Bi-2223 phase. These results indicate that the amount of Na dopant is far from the overdoping limit, in agreement with the results of Satyavathi et al. [41] . Therefore, the increase in the normal-state resistivity values (p at T c onset ) and the decrease of T c can be attributed to the hole filling mechanism previously described by other groups [26, 42] .
The thermoelectric power, S, is highly sensitive to the charge transport mechanism, and hence information about the nature of the charge carriers, carrier concentration and band structure can be obtained. The studies of S as a function of carrier concentration and temperature have been done in the Bi-based system [43] . It has been established that the high-T c superconducting oxides are strongly correlated systems. The expression of S, at high temperatures was derived by different groups [44, 45] , and was modified by Cooper et al. [46] ; according to these studies, the thermoelectric power of HTSC materials at high temperatures can be described by the formula;
where p, k B and e are the hole concentration, Boltzmann constant and electron charge, respectively. Using the p-values given in Table 1 , the S values for the A, B, and C samples have been calculated as -5.06x10 -4 , -6.09x10 -4 and -6.96x10 -4 μV/K, respectively (see Table   1 ). As it can be seen, all the values are negative, clearly indicating a dominating electron conduction mechanism. Moreover, the absolute magnitude of S increases when sintering temperature is raised, in agreement with the raise on the hole concentration which lead to a decrease on the electronic carriers.
It is well-known that the high-T c granular superconductors having a well defined superconducting transition temperature, generally display a two step resistive transition ρ(T) and, correspondingly, dρ/dT displays a peak and a tail in the lower temperature side [47] [48] [49] .
The peak temperature marks the superconducting transition within grains and the tail is related to the intergranular coupling. curves is nearly the same for all samples (see Table 2 ). Moreover, all curves show a single peak, indicating a single superconducting transition. Furthermore, no hump in the low temperature side of the dρ/dT plot can be observed, revealing a clear indication of the strong link between grains.
In order to investigate in detail the effect of sintering temperature on the superconducting properties, magnetoresistivity measurements were performed in all the samples under different magnetic fields, and the results are plotted in Fig. 4 . The transition temperatures deduced from these graphs are displayed in Table 2 . Moreover, from these plots it can be observed that, as the field increases the tail of resistivity curves shifts to lower temperatures. The high temperature zone of resistivity remains practically unchanged, independently of the magnetic field. Furthermore, the broadening in the tail of the resistivity curves decreases from sample A to C. As it is well-known, the broadening and shifting of T c 
where U is the flux pinning energy that depends on temperature and magnetic field. The U value can be directly deduced from the slope of the plot of ln(ρ/ρ 0 ) versus 1/T. The calculated critical current densities, J c , of the samples as a function of the applied field are shown in Fig. 9 . According to Bean's critical state model [59] , J c is proportional to the width of a hysteresis loop and for slab geometry it can be expressed as
where a and b (a<b) are the sample dimensions perpendicular to the applied field, and ∆M is the so-called magnetization irreversibility, i.e. the width of hysteresis loop. In It should be noted that in the critical state, J c is almost completely determined by imperfections in a superconducting material, and the large J c indicates the existence of strong flux pinning in the material. Therefore, the pinning in the studied system is stronger at low fields. This field dependence clearly demonstrates that the flux pinning decreases with the increasing field. The decrease in the magnitude of J c due to the raise in sintering temperature means that the contacts between the grains is poorer, limiting the super-current paths.
However, the obtained results indicate that the increase in sintering temperature produces the formation of insulating layers in the grain boundaries. Probably because of this reason, the J c values of B and C samples are lower than that of the A one.
The J c data have been used to obtain the volume pinning force F p in the different compounds, using the formula:
The plots of F p versus H are shown in Fig. 10 . The maximum values of F p appeared at 2T, indicating that the irreversibility line shifts to lower magnetic fields with increasing sintering temperature. This reinforces the previous discussions about the decrease of flux pinning strength when the sintering temperature is raised.
The calculated upper critical field, H c2 and the coherence length, ξ, versus the critical temperatures are plotted in Fig. 11 . H c2 cannot be measured at low temperatures and, as a consequence, in order to determine the behavior of the upper critical field at temperatures close to zero, a theoretical model, defined by Werthamer-Helfand-Hohenberg (WHH) has been used, applying the formula [60] 
where the (dH c2 (T)/dT) are determined using the slopes at T c of curves in Another important parameter in the superconductivity is the coherence length, ξ. In the framework of this study, the coherence length, ξ, has been calculated using the GinzburgLandau relation,
where Ф 0 is the quanta of flux (2.07 10 
Conclusions
In summary, a comparative study of physical and magnetic properties of In conclusion, with the increasing of the sintering temperature, the superconducting properties are deteriorated and the optimum sintering temperature to form the Bi-2212 phase has been determined to be 860 ºC for these Na-substituted samples. View publication stats View publication stats
